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1	 C.7  Conclusions 
 

2	 C.7.1  Summary of Changes in Flow 
 

3	 The	preliminary	proposal	would	result	in	very	minimal	changes	in	upstream	flows	or	reservoir	
4	 operations.	As	such,	there	are	only	a	few	instances	in	which	changes	to	the	environment	and	related	
5	 effects	on	fish	may	occur.	Flow‐related	temperature	effects	on	spring‐run	Chinook	salmon	and	green	
6	 sturgeon	spawning	and	egg	incubation	are	described	in	Section	C.7.2.	In	the	Delta,	flows	in	and	
7	 around	the	San	Joaquin	River	and	south	Delta	would	improve,	reflecting	the	reduced	use	of	the	
8	 south	Delta	export	facilities.	However,	the	flow	patterns	in	the	north	Delta	could	be	altered	by	
9	 operations	of	the	new	north	Delta	export	facilities	and	the	increased	inundation	of	the	Yolo	Bypass.	
10	 These	operational	changes	will	reduce	some	Sacramento	River	flows,	resulting	in	reduced	flows	in	
11	 Sutter,	Steamboat,	and	Georgiana	Sloughs	and	the	DCC.	Similarly,	the	reduced	flows	in	the	
12	 Sacramento	River	would	slightly	reduce	flows	in	Threemile	Slough.	These	changes	in	flow	patterns	
13	 in	the	north	Delta	can	affect	the	migration	and	passage	of	fish	through	and	within	the	Delta,	as	
14	 described	in	Section	C.7.2.	The	changes	in	Delta	flows	are	not	expected	to	result	in	any	substantial	
15	 changes	in	turbidity	or	DO,	as	described	below.	However,	the	changes	in	Delta	operations	under	the	
16	 preliminary	proposal	related	primarily	to	the	new	north	Delta	intake	could	have	effects	on	salinity	
17	 in	some	locations,	as	described	below.	In	most	instances,	these	changes	in	salinity	are	compounded	
18	 by	the	effects	of	restoration	activities	that	would	occur	as	part	of	the	preliminary	proposal	and	sea	
19	 level	rise.	The	following	sections	provide	a	discussion	of	the	general	trends	of	changes	in	flows	
20	 throughout	the	Plan	Area.	More	detailed	results	are	provided	in	Attachment	C.A	and	are	the	basis	for	
21	 the	biological	results	presented	in	Section	7.2.	

 

22	 C.7.1.1  Upstream Flows 
 

23	 The	CALSIM	results	indicate	that	there	would	be	little	to	no	change	in	how	reservoirs	are	operated.	
24	 The	largest	changes	to	reservoir	operations	result	from	changes	in	runoff	and	inflow	caused	by	
25	 climate	change	unrelated	to	the	preliminary	proposal.	Coldwater	pool	management	would	be	
26	 challenging	for	the	CVP	facilities.	Oroville	storage	generally	would	be	higher	under	the	PP	scenarios	
27	 and	would	exhibit	greater	flexibility	to	adapt	to	future	changes.	

 

28	 In	general,	the	PP	would	increase	carryover	storage	(end‐of‐September	storage,	often	the	lowest	
29	 each	year)	compared	to	the	EBC	scenarios.	However,	CVP	and	SWP	operations	are	expected	to	
30	 change	operations	to	address	the	increased	outflow	needs	caused	by	sea	level	rise	and	climate	
31	 change.	These	results	suggest	that	the	management	of	storage	for	the	coldwater	pool	(May	storage	is	
32	 an	indicator)	would	be	increasingly	difficult	in	the	future,	despite	the	fact	that	the	PP	would	have	
33	 increased	carryover.	The	frequency	of	the	end‐of‐September	storage	falling	below	2,000	thousand	
34	 acre‐feet	(taf)	would	increase	by	about	10%	under	both	the	PP	and	EBC	in	the	LLT.	Considerable	
35	 adaptation	measures	would	need	to	be	implemented	on	the	upstream	operation	of	the	CVP	to	
36	 manage	the	coldwater	pool	under	the	extreme	sea	level	rise	and	climate	change	by	2060.	Operation	
37	 of	the	PP	would	lessen	these	challenges,	but	the	effect	of	climate	change	and	sea	level	rise	would	
38	 overwhelm	these	improvements.	

 

39	 These	general	conclusions	are	based	on	the	CALSIM	data,	which	are	summarized	below	for	each	
40	 reservoir	and	river,	and	the	actual	operational	constraints	of	the	CVP	and	SWP.	Because	the	CALSIM	
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Effects Analysis  Conclusions

 

 

 

1	 model	uses	a	monthly	time	step,	it	does	not	necessarily	capture	the	day‐to‐day	operations	that	
2	 would	respond	to	potential	adverse	effects,	such	as	temperature	changes	and	minimum	flow	and	
3	 storage	requirements.	However,	because	the	preliminary	proposal	is	not	expected	to	require	
4	 substantial	changes	in	upstream	CVP	and	SWP	operations,	the	CALSIM	results	indicate	considerable	
5	 monthly	changes	are	not	expected	to	occur	in	reality.	Rather,	DWR	and	U.S.	Department	of	the	
6	 Interior,	Bureau	of	Reclamation	(Reclamation)	reservoir	operators	would	continue	to	operate	the	
7	 reservoirs	and	associated	flows	on	a	daily	basis	in	a	manner	that	meets	flow,	storage,	and	
8	 temperature	requirements.	

 

9	 C.7.1.2  Delta Flows 
 

10	 The	primary	changes	in	Delta	operations	result	from	the	north	Delta	intakes	and	the	increased	flows	
11	 into	the	Yolo	Bypass	at	the	Fremont	Weir.	These	changes	generally	divert	water	from	the	
12	 Sacramento	River	into	either	the	new	intake	or	the	Yolo	Bypass,	reducing	flows	in	Sutter,	Steamboat,	
13	 Threemile,	and	Georgiana	Sloughs;	in	the	DCC;	and	at	Rio	Vista.	Reductions	in	south	Delta	pumping	
14	 that	are	possible	with	the	north	Delta	intakes	increase	OMR	flows	and	San	Joaquin	River	flows	at	
15	 Antioch	by	the	amount	of	the	reduced	pumping.	While	climate	change	may	affect	flows	in	the	San	
16	 Joaquin,	Mokelumne,	and	Cosumnes	Rivers,	no	effects	of	the	preliminary	proposal	are	expected	in	
17	 the	Delta	channels	connected	to	these	river	inflows.	A	summary	of	changes	at	each	Delta	location	is	
18	 provided	below.	However,	these	changes	reflect	the	general	trends	and	not	necessarily	the	outer	
19	 bounds	of	potential	changes	that	could	occur	across	water‐year	types	and	months	within	those	
20	 water	years.	The	effects	analysis	used	detailed	modeling	results	to	determine	the	biological	
21	 responses	to	specific	daily,	monthly,	and	water	year–type	changes.	These	are	reported	in	the	Results	
22	 section	above.	

 

23	 C.7.1.2.1  Sacramento River Flows at Freeport 
 

24	 The	Sacramento	River	flow	at	Freeport	provides	the	largest	Delta	inflow	and	represents	the	water	
25	 available	for	diversion	at	the	proposed	north	Delta	intakes.	The	average	annual	inflow	at	Freeport	
26	 was	reduced	by	about	650	taf	(up	to	4%),	primarily	as	a	result	of	the	increased	Fremont	Weir	spills	
27	 into	the	Yolo	Bypass	that	would	occur	under	the	preliminary	proposal.	Similarly,	PP_ELT	and	
28	 PP_LLT	monthly	median	flows	at	Freeport	were	similar	to	EBC1	but	were	shifted	in	some	months	as	
29	 a	result	of	the	increased	spills	at	the	Fremont	Weir	and	other	changes	in	upstream	reservoir	
30	 releases,	as	discussed	above.	

 

31	 The	Freeport	median	flows	were	similar	in	October,	November,	and	December	for	the	EBC1	and	PP	
32	 cases.	The	Freeport	median	flows	in	January,	February,	and	March	for	the	PP	cases	were	about	
33	 3,000	cfs	less	than	EBC1	flows,	reflecting	the	increased	spills	at	the	Fremont	Weir	into	the	Yolo	
34	 Bypass.	The	April	and	May	median	flows	at	Freeport	were	similar	for	the	PP	cases	and	EBC1	
35	 conditions.	The	June	median	flows	were	increased	for	the	PP	cases.	The	Freeport	median	flows	for	
36	 the	PP	cases	in	July,	August,	and	September	were	reduced	by	about	3,000	cfs	compared	to	EBC1	
37	 flows	because	of	changes	in	upstream	reservoir	releases.	The	preliminary	proposal	north	Delta	
38	 intakes	allowed	higher	exports	in	April,	May,	and	June	and	subsequently	allowed	reduced	reservoir	
39	 releases	and	reduced	exports.	The	PP	cases	had	inflows	and	exports	that	were	distributed	more	
40	 evenly	during	the	highest	agricultural	demand	period	of	April	through	September.	
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Effects Analysis  Conclusions

 

 

1	 C.7.1.2.2  San Joaquin River Flows at Vernalis 
 

2	 The	only	changes	in	the	San	Joaquin	River	flows	are	caused	by	the	assumed	climate	change	effects	
3	 on	reduced	San	Joaquin	River	(above	Friant	Dam)	inflows	and	reduced	tributary	inflows.	No	changes	
4	 from	preliminary	proposal	operations	were	simulated.	

 

5	 C.7.1.2.3  Yolo Bypass Flows to the Delta 
 

6	 The	Yolo	Bypass	flow	is	nearly	identical	to	the	Fremont	Weir	spills,	with	the	addition	of	the	Cache	
7	 Creek	and	Putah	Creek	flows	entering	the	bypass	in	months	with	relatively	high	runoff.	Although	the	
8	 preliminary	proposal	ELT	and	LLT	cases	allow	some	additional	flows	into	the	Yolo	Bypass	at	the	
9	 Fremont	Weir,	the	monthly	sequence	of	Yolo	Bypass	flows	was	very	similar.	A	few	more	months	
10	 have	flows	of	3,000–5,000	cfs	(notch	capacity),	and	the	high‐flow	months	have	slightly	more	flow	
11	 (5,000	cfs).	

 

12	 C.7.1.2.4  Mokelumne River and Cosumnes River Flows to the Delta 
 

13	 The	monthly	inflows	from	the	Mokelumne	River	near	Thornton,	just	below	the	Cosumnes	River,	are	
14	 very	low	during	the	summer	months.	These	flows	were	nearly	identical	for	all	CALSIM	cases.	Most	
15	 Cosumnes	River	runoff	enters	the	Delta,	and	the	Mokelumne	River	is	highly	regulated	by	Pardee	and	
16	 Camanche	Reservoirs.	The	minimum	flows	below	Woodbridge	Dam	are	specified	based	on	runoff,	
17	 and	reservoir	spills	are	rare.	There	were	no	effects	of	the	preliminary	proposal	on	these	river	flows.	

 

18	 C.7.1.2.5  San Joaquin River Diversions to Old River 
 

19	 The	preliminary	proposal	would	not	result	in	changes	in	the	San	Joaquin	River	flows	at	Old	River,	
20	 but	some	changes	are	expected	as	a	result	of	climate	change.	The	median	head	of	Old	River	flow	for	
21	 December	through	May	was	about	half	of	the	San	Joaquin	River	flow	at	Vernalis.	The	median	flows	in	
22	 June	through	September	were	about	40%	of	the	San	Joaquin	River	flow	at	Vernalis	because	of	the	
23	 effects	of	the	south	Delta	rock	barriers.	The	annual	average	head	of	Old	River	diversion	flow	was	
24	 nearly	the	same	for	all	six	CALSIM	cases	and	was	equal	to	about	half	of	the	San	Joaquin	River	flow.	

 

25	 C.7.1.2.6  Old and Middle River Flows 
 

26	 The	CALSIM	modeling	assumed	that	some	OMR	reverse	flow	restrictions	would	apply	for	each	of	the	
27	 applicable	months	(December	through	June).	The	restrictions	were	assumed	to	vary	somewhat	with	
28	 runoff	conditions.	The	assumed	restrictions	were	held	constant	for	each	of	the	EBC1	cases,	the	three	
29	 EBC2	cases,	and	the	two	preliminary	proposal	cases.	Because	negative	OMR	flow	is	toward	the	south	
30	 Delta	pumps,	the	greatest	negative	values	indicate	higher	pumping.	The	minimum	values	indicate	
31	 the	maximum	pumping	from	the	central	Delta.	For	example,	the	October	and	November	minimum	
32	 flows	for	EBC1	were	‐10,000	cfs.	The	October	and	November	median	flows	were	‐8,000	cfs.	
33	 However,	there	are	no	OMR	flow	restrictions	in	October	and	November.	The	EBC1	December	
34	 minimum	flow	was	‐9,600	cfs,	but	the	median	flow	was	‐5,871	cfs	(the	assumed	OMR	limit	in	30%	of	
35	 the	years).	This	suggests	that	the	OMR	limits	were	reducing	the	December	exports	to	this	level	in	
36	 several	of	the	years.	The	January	through	March	and	June	minimum	flows	were	‐5,000	cfs	because	
37	 the	assumed	OMR	limits	were	restricting	pumping	to	this	level	in	many	of	the	years	in	these	months.	
38	 The	minimum	flows	in	April	and	May	were	higher	than	the	limit	of	‐5,000	cfs	because	the	NMFS	
39	 exports/San	Joaquin	River	ratio	that	applies	in	April	and	May	was	reducing	the	exports	more	than	
40	 the	OMR	limits.	EBC1	flows	in	July	through	September	were	‐11,000	to	‐10,000	cfs,	and	median	
41	 flows	were	‐10,000	to	‐9,000	cfs.	
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Effects Analysis  Conclusions

 

 

 

1	 The	preliminary	proposal	ELT	and	LLT	cases	shifted	pumping	from	the	south	Delta	to	the	north	
2	 Delta	intakes	and	thereby	increased	the	OMR	flows	(reduced	negative	OMR	flows).	The	median	OMR	
3	 flows	for	the	preliminary	proposal	ELT	and	LLT	cases	were	about	2,000	cfs	higher	in	October	and	
4	 November;	about	the	same	in	December;	2,000	cfs	higher	in	January;	5,000	cfs	higher	in	February;	
5	 3,500	cfs	higher	in	March;	1,500	cfs	higher	in	June;	6,000	cfs	higher	in	July;	6,500	cfs	in	August;	and	
6	 4,500	cfs	higher	in	September.	

 

7	 C.7.1.2.7  Sutter Slough and Steamboat Slough Flows 
 

8	 Sutter	and	Steamboat	Sloughs	divert	about	40%	of	the	Sacramento	River	flow.	The	monthly	median	
9	 diversion	flows	into	Sutter	and	Steamboat	Sloughs	were	similar	for	the	EBC1	case	and	the	three	
10	 EBC2	cases	because	the	Sacramento	River	flows	were	similar.	The	median	diversions	into	Sutter	and	
11	 Steamboat	Sloughs	were	lower	for	the	PP_ELT	and	PP_LLT	cases	because	the	north	Delta	intakes	
12	 reduce	the	Sacramento	River	flow	at	Sutter	and	Steamboat	Sloughs.	The	median	diversions	in	
13	 October,	April,	May,	and	June	were	about	the	same	for	the	baseline	and	the	preliminary	proposal	
14	 cases.	The	median	diversions	were	reduced	by	1,000	cfs	in	November,	July,	and	September;	2,000	cfs	
15	 in	January	and	August;	and	4,000	cfs	in	February	and	March.	The	reductions	in	the	Sutter	and	
16	 Steamboat	Slough	diversions	were	about	40%	of	the	simulated	north	Delta	intake	diversions.	The	
17	 annual	average	diversions	into	Sutter	and	Steamboat	Sloughs	were	about	6,500	taf	(42%	of	the	
18	 Sacramento	River	flow	at	Freeport)	for	the	EBC1	case	and	three	EBC2	cases,	and	were	reduced	to	
19	 about	5,500	taf	(36%	of	the	Sacramento	River	flow	at	Freeport)	for	the	two	preliminary	proposal	
20	 cases.	

 

21	 C.7.1.2.8  Delta Cross Channel and Georgiana Slough Flows 
 

22	 Similar	to	Steamboat	and	Sutter	Sloughs,	the	PP_ELT	and	PP_LLT	cases	for	DCC	and	Georgiana	
23	 Slough	had	reduced	monthly	median	diversion	flows	because	the	north	Delta	intakes	reduced	the	
24	 Sacramento	River	flow.	The	annual	average	diversions	into	the	DCC	and	Georgiana	Slough	were	
25	 about	3,750	taf	(24%	of	the	Sacramento	River	flow	at	Freeport)	for	the	EBC1	case	and	three	EBC2	
26	 cases,	and	were	reduced	to	about	3,150	taf	(21%	of	the	Sacramento	River	flow	at	Freeport)	for	the	
27	 two	preliminary	proposal	cases.	

 

28	 C.7.1.2.9  Sacramento River Flows at Rio Vista 
 

29	 The	minimum	flows	in	September	through	December	for	Rio	Vista	(3,000–4,500	cfs,	depending	on	
30	 water‐year	type)	were	generally	satisfied.	The	EBC1	monthly	median	flows	were	about	5,500	cfs	in	
31	 October;	7,500	cfs	in	November;	12,500	cfs	in	December;	22,000	cfs	in	January;	29,000	cfs	in	
32	 February;	23,000	cfs	in	March;	13,000	cfs	in	April;	10,000	cfs	in	May;	6,500	cfs	in	June;	10,500	cfs	in	
33	 July;	8,500	cfs	in	August;	and	6,500	cfs	in	September.	The	median	flows	at	Rio	Vista	for	the	three	
34	 EBC2	cases	were	similar	because	the	Yolo	Bypass	and	Sacramento	River	inflows	were	generally	the	
35	 same.	The	median	monthly	Rio	Vista	flows	were	reduced	in	the	months	when	the	north	Delta	intake	
36	 diversions	were	simulated	for	the	PP_ELT	and	PP_LLT	cases.	The	reduced	Rio	Vista	flows	were	
37	 generally	about	the	same	as	the	north	Delta	intake	diversions.	The	annual	average	Sacramento	River	
38	 flows	at	Rio	Vista	were	about	14,000	taf	for	the	EBC1	case	and	three	EBC2	cases,	and	were	reduced	
39	 to	about	12,000	taf	for	the	PP_ELT	and	PP_LLT	cases.	
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Effects Analysis  Conclusions

 

 

1	 C.7.1.2.10  Threemile Slough Flows 
 

2	 The	Threemile	Slough	flows	are	about	3%	of	the	Rio	Vista	flows	and	were	reduced	slightly	for	the	
3	 preliminary	proposal	cases	because	the	Rio	Vista	flows	were	reduced	by	the	north	Delta	intake	
4	 diversions.	The	annual	average	Threemile	Slough	flows	were	about	1,000	taf	for	the	EBC1	case	and	
5	 the	three	EBC2	cases,	and	were	reduced	to	about	750	taf	for	the	two	preliminary	proposal	cases.	

 

6	 C.7.1.2.11  San Joaquin River Flows at Antioch 
 

7	 San	Joaquin	River	flows	at	Antioch	were	increased	in	the	PP_ELT	and	PP_LLT	cases	because	the	
8	 reduction	in	south	Delta	exports	will	increase	OMR	and	San	Joaquin	River	flows	by	the	same	
9	 amount.	For	the	preliminary	proposal	cases,	the	monthly	median	flows	were	about	0	cfs	in	October	
10	 and	November,	and	were	reversed	to	‐2,000	cfs	only	in	December.	The	San	Joaquin	River	flows	were	
11	 about	1,500	cfs	in	January;	8,500	cfs	in	February;	6,500	cfs	in	March;	3,000	cfs	in	April;	2,500	cfs	in	
12	 May	and	June;	1,000	cfs	in	July;	500	cfs	in	August;	and	150	cfs	in	September.	The	summer	periods	of	
13	 reverse	San	Joaquin	River	flow	were	generally	eliminated	by	the	preliminary	proposal	north	Delta	
14	 intake	diversions.	

 

15	 C.7.1.2.12  Delta Outflow 
 

16	 The	CALSIM‐simulated	Delta	outflow	is	the	sum	of	all	the	upstream	and	Delta	operations,	and	it	is	
17	 the	major	link	with	salinity	in	the	Delta	and	with	the	X2	position.	Delta	outflow	requirements	often	
18	 limit	the	Delta	exports,	so	the	simulated	Delta	outflow	for	many	months	is	equal	to	the	minimum	
19	 Delta	outflow	requirement	for	each	month.	The	EBC1	case	did	not	include	the	BiOp	Fall	X2	
20	 requirements,	so	the	required	Delta	outflow	was	controlled	by	the	D‐1641	objectives.	The	annual	
21	 average	outflow	required	for	EBC1	(D‐1641)	was	4,250	taf.	The	three	EBC2	cases	included	the	BiOp	
22	 Fall	X2	requirements,	and	the	average	annual	required	outflow	was	about	5,000	taf	for	EBC2,	about	
23	 5,250	taf	for	EBC2_ELT,	and	about	5,750	taf	for	EBC2_LLT.	The	BiOp	Fall	X2	requirements	(intended	
24	 for	wet	and	above	normal	years)	raised	the	annual	average	required	outflow	for	EBC1	by	about	
25	 750	taf.	The	EBC2_ELT	and	EBC2_LLT	cases	had	even	higher	required	outflows	caused	by	changes	in	
26	 the	outflow	required	to	meet	X2	because	of	sea	level	rise	and	habitat	restoration	effects	on	salinity	
27	 intrusion.	

 

28	 The	monthly	median	outflows	simulated	by	CALSIM	for	each	modeling	scenario	are	shown	in	Table	
29	 C.7‐1.	About	half	of	the	months	had	excess	Delta	outflow	compared	to	the	outflow	requirements,	but	
30	 the	outflow	in	most	of	these	months	likely	was	controlled	by	the	maximum	allowed	export/inflow	
31	 (E/I)	ratio.	



Bay Delta Conservation Plan 
Working Draft 

December 2011
ICF 00610.10C.7‐6

Note to Reader: This is a revised working draft prepared by the BDCP consultants. This document is currently undergoing review by the Department of Water Resources with input from the Department of
Fish and Game, U.S. Fish and Wildlife Service, National Marine Fisheries Service, and U.S. Bureau of Reclamation and does not necessarily reflect the position of the state or federal agencies. It is expected 
to go through several more revisions prior to being released for formal public review and comment in 2012. All members of the public will have an opportunity to provide comments on the public draft of a
revised version of this document during the formal public review and comment period. Responses will be prepared only on comments submitted in the formal public review and comment period. 

Effects Analysis  Conclusions

 

 

1	 Table C.7‐1. Average Annual and Monthly Mean Outflows for Each of the Six CALSIM Scenarios 
 

EBC1  EBC2  EBC2_ELT  EBC2_LLT  PP_ELT  PP_LLT 

Average	Annual	
Outflow	(taf)	

15,533	 15,743	 16,157	 16,282	 14,875	 15,210	

Monthly Median Outflow (cfs) 

January	 22,361	 21,730	 21,342	 21,903	 21,277	 22,074	
February	 36,554	 35,578	 35,846	 37,339	 36,181	 35,855	
March	 26,890	 26,801	 25,701	 25,784	 24,828	 24,486	
April	 18,921	 18,804	 18,708	 18,283	 12,470	 13,037	
May	 15,899	 15,655	 13,911	 12,806	 11,352	 11,400	
June	 7,243	 7,249	 7,243	 8,336	 8,086	 9,290	
July	 8,000	 8,000	 8,000	 8,520	 8,000	 8,000	
August	 4,000	 4,000	 4,000	 4,112	 4,000	 4,000	
September	 3,610	 3,621	 3,659	 3,430	 3,000	 3,000	
October	 4,000	 4,403	 5,425	 7,813	 4,000	 9,234	
November	 5,088	 10,313	 9,844	 10,415	 4,500	 4,500	
December	 8,086	 7,696	 8,666	 9,156	 8,867	 9,219	
taf	=	thousand	acre‐feet.	

2	
 

3	 The	monthly	median	outflows	for	the	PP_ELT	and	PP_LLT	cases	were	similar	(within	1,000	cfs)	to	
4	 the	EBC1	median	outflows	in	October	through	February;	2,000	cfs	less	in	March;	6,000	cfs	less	in	
5	 April;	4,000	cfs	less	in	May;	and	similar	in	June	through	September.	The	annual	average	Delta	
6	 outflow	for	the	EBC1	case	was	15,500	taf.	The	annual	average	outflows	were	14,875	taf	for	the	
7	 PP_ELT	case	and	15,200	taf	for	the	PP_LLT	case.	

 

8	 C.7.1.3  Salinity 
 

9	 Salinity	is	included	in	this	appendix	to	assess	the	potential	for	changes	to	habitat	as	a	result	of	
10	 changes	in	flows	that	may	cause	changes	in	salinity.	(Salinity	as	a	drinking	water	quality	parameter	
11	 is	addressed	in	the	BDCP	EIR/EIS.)	The	preliminary	proposal	allows	more	salt	into	the	western	
12	 Delta	because	of	increased	tidal	mixing	associated	with	the	addition	of	tidal	marsh	areas	and	
13	 reduced	Delta	outflow.	Substantial	increases	in	salinity	at	Emmaton	and	moderate	increases	at	
14	 Jersey	Point	and	Rock	Slough	caused	by	the	preliminary	proposal	are	generally	attributable	to	the	
15	 reduction	in	Sacramento	River	flows	in	these	areas.	However,	slight	reductions	in	average	annual	
16	 salinity	at	Threemile	Slough	are	expected	as	a	result	of	major	salinity	decreases	in	July	and	August	
17	 caused	by	higher	outflows.	As	the	preliminary	proposal	is	implemented	and	more	tidal	marsh	is	
18	 restored,	salinity	effects	at	these	locations	intensify.	At	Emmaton	under	PP_LLT,	the	largest	
19	 increases	in	salinity	occur	from	May	to	September,	while	there	are	minimal	changes	in	salinity	from	
20	 October	through	April.	Jersey	Point	and	Rock	Slough	are	also	expected	to	have	additional	increases	
21	 in	salinity	in	the	LLT	as	a	result	of	restoration	activities.	The	annual	average	salinity	at	Threemile	
22	 Slough	is	further	reduced	in	the	LLT	because	of	substantial	salinity	reductions	in	October	and	
23	 November	resulting	from	higher	Sacramento	River	flow.	

 

24	 Salinity	can	be	controlled	somewhat	by	Delta	outflow.	Higher	Delta	outflow	moves	the	salinity	
25	 gradient	west	and	lowers	the	X2	(decreases	the	distance	from	the	Golden	Gate).	Under	the	PP	
26	 scenarios,	X2	moves	upstream	(lower	outflow)	in	some	months,	with	the	reduced	inflows	or	higher	
27	 exports	that	are	allowed	with	the	north	Delta	intake.	However,	the	PP	scenarios	will	meet	the	
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Effects Analysis  Conclusions

 

 

 

1	 required	D‐1641	X2	locations	from	February	through	June	and	the	minimum	Delta	outflows,	as	
2	 described	above	and	shown	in	Table	C.7‐2.	

 

3	 Table C.7‐2. Summary of the Location (km from the Golden Gate Bridge) of X2 under each 
4	 CALSIM Scenario 

 

Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep 

A. EBC1 

Min	 67.1	 51.7	 47.3	 47.2	 47.2	 47.2	 47.3	 48.5	 49.1	 56.2	 66.0	 63.5	
Max	 94.7	 93.9	 92.2	 89.7	 86.9	 83.3	 83.2	 87.4	 90.5	 91.2	 91.5	 92.6	
Avg	 88.5	 86.3	 77.9	 67.6	 60.7	 60.7	 63.4	 67.5	 74.6	 80.4	 85.2	 86.4	
B. PP_ELT 

Min	 72.8	 52.2	 47.7	 47.6	 47.6	 47.7	 47.7	 49.3	 51.0	 62.3	 74.7	 71.4	
Max	 93.1	 92.6	 92.4	 90.1	 86.8	 82.3	 83.2	 87.1	 90.2	 90.5	 92.1	 93.5	
Avg	 89.0	 86.8	 78.3	 68.3	 62.1	 62.4	 66.7	 71.8	 77.0	 81.6	 86.5	 88.5	
C. PP_LLT 

Min	 73.8	 54.6	 48.8	 48.7	 48.7	 48.7	 49.0	 51.6	 54.8	 69.9	 83.4	 79.3	
Max	 92.4	 94.3	 91.6	 90.1	 85.7	 83.5	 84.5	 89.1	 92.1	 91.6	 91.9	 92.7	
Avg	 85.7	 85.1	 79.7	 68.9	 63.2	 63.8	 68.0	 73.7	 78.9	 83.2	 87.5	 89.2	
D. EBC2 

Min	 67.3	 51.7	 47.3	 47.2	 47.2	 47.2	 47.3	 48.5	 49.3	 57.1	 67.3	 65.8	
Max	 94.6	 93.4	 92.2	 87.2	 83.2	 82.3	 82.5	 87.2	 90.2	 90.9	 90.8	 92.4	
Avg	 84.1	 82.3	 76.3	 67.4	 60.8	 61.0	 63.6	 67.8	 74.7	 80.4	 85.2	 82.5	
E. EBC2_ELT 

Min	 69.5	 52.4	 47.8	 47.6	 47.6	 47.7	 47.9	 49.8	 51.5	 62.1	 73.6	 70.9	
Max	 93.9	 94.4	 93.6	 90.4	 87.0	 82.7	 83.1	 87.6	 90.2	 90.8	 90.9	 92.6	
Avg	 84.1	 82.3	 76.6	 67.9	 61.7	 61.9	 64.6	 68.9	 75.9	 80.3	 85.1	 82.7	
F. EBC2_LLT 

Min	 72.2	 55.4	 50.0	 49.6	 49.6	 49.5	 50.0	 53.1	 55.7	 71.4	 81.2	 73.9	
Max	 94.6	 94.7	 94.0	 90.4	 87.3	 83.8	 84.6	 88.7	 90.9	 90.9	 92.1	 94.3	
Avg	 83.7	 82.7	 78.2	 69.4	 63.5	 63.7	 66.5	 71.4	 77.6	 80.8	 85.8	 83.4	

5	
 

6	 The	three	EBC2	cases,	which	included	BiOp	Fall	X2	requirements	in	September	through	November	
7	 of	about	half	of	the	years	(wet	and	above	normal),	had	corresponding	reduced	X2	values	in	the	50–	
8	 90%	cumulative	values.	The	changes	in	the	monthly	X2	ranges	or	in	the	monthly	median	values	
9	 were	relatively	small	because	the	monthly	range	in	outflows	remained	similar	for	each	of	the	EBC1	
10	 and	EBC2	baseline	cases.	The	preliminary	proposal	cases	allowed	some	of	the	X2	positions	to	move	
11	 upstream	(lower	outflow),	with	the	higher	exports	that	were	allowed	in	some	months	with	the	north	
12	 Delta	intake.	The	required	D‐1641	X2	locations	from	February	through	June	and	the	minimum	Delta	
13	 outflows	were	satisfied	by	the	preliminary	proposal	cases,	although	CALSIM	results	reported	above	
14	 may	be	based	on	relaxations	of	the	requirements	in	certain	months.	

 

15	 C.7.1.4  Turbidity 
 

16	 Firm	conclusions	regarding	changes	in	turbidity	in	the	Plan	Area	are	difficult	to	make.	Uncertainty	in	
17	 sediment	supply	in	the	future	is	high	because	of	factors	such	as	the	maturation	schedule	of	habitat	
18	 restoration	within	ROAs.	In	addition,	the	potential	use	of	fill‐in	materials	or	wind	breaks	in	the	ROAs	
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Effects Analysis  Conclusions

 

 

 

1	 to	reduce	wind‐driven	sediment	resuspension	also	could	greatly	affect	turbidity.	These	and	other	
2	 factors	limit	the	feasible	scope	of	the	analysis.	

 

3	 The	analysis	focused	on	whether	the	different	subregions	would	become	erosional,	which	would	
4	 increase	turbidity,	or	depositional,	which	would	decrease	turbidity.	The	analysis	also	evaluated	
5	 whether	seasonal	wind	resuspension	within	ROAs	is	likely	to	be	greater	with	the	preliminary	
6	 proposal,	thereby	increasing	turbidity.	Factors	such	as	submerged	aquatic	vegetation	(SAV),	benthic	
7	 filter	feeders,	organic	materials,	and	the	potential	substantial	effects	on	the	critical	shear	stress	of	
8	 erosion	from	changes	in	benthic	algae	and	macrofauna	have	not	been	considered	in	the	present	
9	 analysis	of	turbidity	because	of	a	lack	of	data,	a	lack	of	modeling	tools,	or	both.	

 

10	 The	Delta	will	remain	regionally	depositional	in	the	LLT	time	frame,	in	both	EBC	and	PP	scenarios,	
11	 although	the	location	of	the	depositional	regions	will	differ.	The	effects	of	sea	level	rise	will	depend	
12	 on	the	balance	between	sediment	supply	from	the	watersheds	and	the	rate	of	sea	level	rise,	so	it	is	
13	 unclear	whether	sediment	supply	will	be	sufficient	to	maintain	the	current	extent	of	tidal	marsh.	The	
14	 initial	effect	of	the	ROAs	in	the	PP	is	to	decrease	sediment	supply	downstream,	but	the	longer‐term	
15	 effects	are	uncertain	as	the	ROAs	reach	a	dynamic	equilibrium.	

 

16	 Under	the	PP,	the	North	Delta	subregion	will	receive	less	sediment	because	of	increased	flows	
17	 through	the	Yolo	Bypass,	but	this	may	not	be	a	large	enough	factor	to	differentiate	these	effects	from	
18	 the	overall	effects	due	to	sea	level	rise	and	climate	change	alone	in	the	LLT	under	existing	
19	 conditions.	The	Cache/Yolo	Bypass–region	ROAs	will	become	depositional	with	sediment	that	
20	 otherwise	would	be	carried	down	the	Sacramento	River.	While	the	ROAs	have	the	potential	to	
21	 increase	water	clarity	in	existing	open	water	areas	such	as	Liberty	Island	at	least	initially,	wind	
22	 resuspension	of	unconsolidated	sediment	during	the	summer	is	likely	to	decrease	water	clarity	in	
23	 the	region	seasonally.	The	West	Delta	ROA	will	accrete	sediment,	resulting	in	a	local	increase	in	
24	 water	clarity	in	combination	with	decreased	supply	due	to	sediment	deposition	in	the	Cache/Yolo	
25	 region.	However,	decreased	sediment	supply	could	result	in	erosion	and	a	decrease	in	water	clarity,	
26	 leaving	a	mixed	outcome	for	this	region.	The	East	Delta	subregion	is	likely	to	experience	increased	
27	 water	clarity	due	to	the	ROAs,	both	because	of	decreased	flow	through	Georgiana	Slough	and	
28	 because	of	deposition	in	the	East	Delta	ROAs	of	the	small	amount	of	sediment	originating	from	the	
29	 Mokelumne	and	Cosumnes	Rivers.	The	effect	of	seasonal	winds	will	be	minor	because	the	ROAs	are	
30	 not	large	in	the	East	Delta.	The	South	Delta	ROA	consists	of	large	open	water	areas	that	(barring	
31	 establishment	of	SAV	such	as	Egeria	densa)	likely	will	experience	decreased	water	clarity	due	to	
32	 wind	resuspension	in	the	summer.	However,	deposition	in	the	ROAs	also	could	increase	water	
33	 clarity,	resulting	in	an	overall	mixed	outcome.	

 

34	 The	effect	of	the	Suisun	Bay	subregion	ROAs,	both	locally	and	due	to	effects	from	upstream	ROAs,	is	
35	 complicated.	Suisun	Bay	is	currently	erosional	and	the	opening	of	ROAs	upstream	is	likely	to	
36	 increase	this	erosion.	If	Suisun	Bay	continues	to	deepen	and	intertidal	regions	are	lost,	wind	waves	
37	 will	become	less	effective	at	suspending	sediment,	so	erosion	rates	may	slow	even	in	the	presence	of	
38	 reduced	sediment	supply.	The	new	ROAs	may	exert	a	local	decrease	in	water	clarity	from	seasonal	
39	 resuspension	due	to	wind.	However,	predicting	the	balance	between	the	depositional	environment	
40	 in	the	ROAs	and	increased	regional	erosion	is	very	complicated,	so	the	overall	result	for	water	
41	 clarity	is	uncertain.	The	ROAs	in	Suisun	Marsh	likely	will	be	depositional	because	of	local	sediment	
42	 supply,	resulting	in	local	increases	in	water	clarity.	The	effects	of	wind	resuspension	in	decreasing	
43	 water	clarity	likely	will	be	limited	to	the	larger	ROAs	in	this	region,	depending	on	wind	direction.	
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Effects Analysis  Conclusions

 

 

 

1	 The	effects	of	turbidity	on	fish	are	not	directly	linked	to	survival	and	are	only	one	component	of	
2	 habitat	that	may	be	required	for	species	success.	As	such,	similar	to	the	salinity	changes	described	
3	 above,	the	effects	of	turbidity	on	fish	and	fish	habitat	will	be	explored	further	in	Appendices	E	(Fish	
4	 Population	Analyses)	and	F	(Habitat	Restoration)	to	better	integrate	the	multiple	factors	composing	
5	 fish	habitat	and	the	potential	effects	of	the	preliminary	proposal.	

 

6	 C.7.1.5  Temperature and Dissolved Oxygen 
 

7	 Some	temperature	changes	are	expected	to	occur	in	some	years	in	some	upstream	rivers.	However,	
8	 these	changes	rarely	translate	to	adverse	effects	on	species,	as	described	below.	In‐Delta	water	
9	 temperature	and	DO	concentrations	are	not	expected	to	change	in	response	to	the	preliminary	
10	 proposal.	Water	temperatures	and	DO	in	the	Delta	are	affected	primarily	by	atmospheric	conditions	
11	 (air	temperature,	winds,	solar	radiation,	and	climate	change).	Water	temperatures	are	typically	in	
12	 thermal	equilibrium	with	the	atmospheric	conditions	and	therefore	are	not	influenced	strongly	by	
13	 changes	in	river	flows	affected	by	proposed	project	operations.	Similarly,	DO	concentrations	in	the	
14	 river	channels	and	bays	are	typically	in	equilibrium	with	atmospheric	conditions,	and	proposed	
15	 project	operations	are	not	anticipated	to	result	in	biologically	significant	changes	within	the	Delta.	
16	 As	a	result	of	these	factors,	it	was	concluded	that	proposed	project	operations	would	not	result	in	
17	 adverse	changes	in	either	water	temperatures	or	DO	concentrations	n	the	Delta	that	would	affect	the	
18	 target	species.	Changes	in	long‐term	seasonal	water	temperatures	are	anticipated	to	occur	within	
19	 the	Delta,	however,	in	response	to	future	climate	changes	that	are	independent	of	proposed	project	
20	 operations,	but	that	also	are	expected	to	result	in	changes	in	habitat	conditions	that	could	
21	 potentially	adversely	affect	the	population	dynamics	of	the	covered	species	in	the	future	(LLT	
22	 climate	changes).	

 

23	 C.7.2  Flow‐Related Biological Effects 
 

24	 The	following	information	is	summarized	in	Table	C.1‐3,	Table	C.1‐4,	and	Table	C.1‐5	above,	and	
25	 describes	in	detail	the	conclusions	for	each	species	for	flow‐related	parameters	in	upstream	and	
26	 Delta	areas,	and	for	passage,	migration,	and	movement.	

 

27	 C.7.2.1  Upstream Spawning and Egg Incubation 
 

28	 Conclusion 1. Except for Sacramento River spring‐run Chinook salmon and Feather River green 
29	 sturgeon egg incubation, the preliminary proposal would not result in adverse effects on 
30	 upstream spawning. 

 

31	 Overall,	there	would	be	minimal	changes	to	upstream	flows	and	as	such,	very	few	effects	on	
32	 spawning	and	egg	incubation.	Most	of	the	differences	and	associated	effects	on	spawning	and	egg	
33	 incubation	habitat	observed	among	the	modeled	scenarios	were	attributable	to	near‐term	and	long‐	
34	 term	climate	change	effects.	In	many	instances,	increased	steelhead,	winter‐run,	Pacific	lamprey,	and	
35	 river	lamprey	egg	mortality	under	future	conditions	is	primarily	a	result	of	natural	seasonal	and	
36	 interannual	variation	in	river	flows,	coldwater	storage,	and	temperature	effects	on	incubating	eggs	
37	 that	were	largely	independent	of	preliminary	proposal	operations.	Decreased	temperatures	during	
38	 egg	incubation	periods	for	spring‐run	Chinook	salmon	on	the	Sacramento	River	and	green	sturgeon	
39	 on	the	Feather	River	would	result	in	adverse	effects	on	these	species.	

 

40	 Steelhead.	No	adverse	effects	were	detected	on	steelhead	spawning	and	egg	incubation	habitat	
41	 conditions	based	on	CALSIM,	SacEFT,	and	water	temperature	modeling	results.	The	predicted	
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Effects Analysis  Conclusions

 

 

 

1	 magnitude	and	frequency	of	instream	flows,	reservoir	storage,	and	water	temperatures	potentially	
2	 affecting	the	quantity	and	quality	of	spawning	and	incubation	habitat	under	proposed	project	and	
3	 future	baseline	conditions	were	comparable.	Based	on	the	results,	preliminary	proposal	operations	
4	 likely	would	have	small	annual	effects	on	flows	and	water	temperatures	during	the	steelhead	
5	 spawning	and	incubation	period,	but	would	not	affect	long‐term	habitat	conditions	relative	to	future	
6	 baseline	conditions.	

 

7	 Winter‐run	Chinook	salmon.	No	major	or	consistent	adverse	effects	were	detected	on	upstream	
8	 spawning	and	egg	incubation	habitat	conditions	(e.g.,	reservoir	storage,	instream	flows,	water	
9	 temperatures	during	egg	incubation)	for	Sacramento	River	winter‐run	Chinook	salmon	based	on	
10	 results	from	the	Reclamation	egg	mortality	model,	SacEFT,	SALMOD,	and	other	tools.	Positive	and	
11	 negative	changes	in	instream	flows	that	affect	habitat	quality	and	quantity,	such	as	reduced	summer	
12	 and	fall	flows	relative	to	existing	conditions,	were	detected	in	the	Sacramento	River.	Differences	in	
13	 flow	in	the	Sacramento	River	in	September	of	wetter	years	between	existing	and	preliminary	
14	 proposal	operations	reflect,	in	large	part,	differences	in	fall	operations	for	downstream	low‐salinity	
15	 habitat	that	was	included	as	an	operating	criterion	under	the	EBC2	conditions	but	was	not	included	
16	 in	preliminary	proposal	operations.	

 

17	 Spring‐run	Chinook	salmon.	No	major	or	consistent	adverse	effects	were	detected	on	upstream	
18	 spawning	and	egg	incubation	habitat	conditions	(e.g.,	reservoir	storage,	instream	flows,	water	
19	 temperatures	during	egg	incubation)	in	the	Feather	River,	Trinity	River,	San	Joaquin	River,	or	Clear	
20	 Creek	for	spring‐run	Chinook	salmon	based	on	results	from	the	Reclamation	egg	mortality	model,	
21	 SALMOD,	CALSIM	outputs,	and	other	tools.	Most	spring‐run	Chinook	salmon	spawn	in	tributaries	
22	 such	as	the	Feather	River	and	Mill,	Deer,	Butte,	and	Clear	Creeks,	in	which	spring‐run	egg	mortality	
23	 would	not	be	affected	by	preliminary	proposal	operations.	

 

24	 In	the	Sacramento	River,	the	egg	mortality	model	indicated	that	there	is	a	5–10%	increase	in	egg	
25	 mortality	of	spring‐run	Chinook	salmon	under	preliminary	proposal	operations	relative	to	existing	
26	 biological	conditions	in	wet,	above	normal,	and	below	normal	water	years.	This	increase	was	a	
27	 result	of	increased	water	temperatures	during	fall	months,	particularly	September.	Refinements	in	
28	 reservoir	operations	and	coldwater	pool	management,	including	real‐time	management,	which	
29	 CALSIM	cannot	model,	may	reduce	this	effect,	but	this	has	not	been	evaluated	using	the	hydrologic	
30	 and	water	temperature	simulation	models.	However,	results	of	the	SacEFT	and	SALMOD	models,	
31	 which	account	for	flow,	temperature,	and	other	variables	in	the	upper	Sacramento	River,	predict	
32	 that	spawning	habitat	conditions	will	not	be	different	(SALMOD)	or	will	be	improved	(SacEFT)	
33	 under	the	proposed	project	compared	to	existing	biological	conditions,	which	is	in	contrast	to	the	
34	 egg	mortality	model	results	described	above.	

 

35	 Fall‐run	Chinook	salmon.	No	major	adverse	effects	were	detected	on	upstream	spawning	or	egg	
36	 incubation	habitat	conditions	(e.g.,	reservoir	storage,	instream	flows,	water	temperatures	during	egg	
37	 incubation)	for	fall‐run	Chinook	salmon	in	the	Sacramento	River	based	on	results	of	model	analyses	
38	 using	the	Reclamation	egg	mortality	model,	SacEFT,	SALMOD,	and	other	tools.	Small	positive	and	
39	 negative	changes	were	detected	in	the	Sacramento	River,	such	as	reduced	summer	and	fall	flows	
40	 relative	to	existing	conditions.	No	substantive	changes	in	reservoir	storage	or	river	flows	affecting	
41	 fall‐run	Chinook	salmon	habitat	conditions	were	detected	in	the	Feather,	American,	San	Joaquin,	
42	 Stanislaus,	or	Trinity	Rivers	or	Clear	Creek.	Preliminary	proposal	operations	have	no	effect	on	flows	
43	 or	water	temperatures	in	other	tributaries,	including	the	Mokelumne,	Cosumnes,	Merced,	and	
44	 Tuolumne	Rivers,	or	habitats	in	areas	such	as	Mill,	Deer,	Butte,	and	Battle	Creeks.	



Bay Delta Conservation Plan 
Working Draft 

December 2011
ICF 00610.10C.7‐11

Note to Reader: This is a revised working draft prepared by the BDCP consultants. This document is currently undergoing review by the Department of Water Resources with input from the Department of
Fish and Game, U.S. Fish and Wildlife Service, National Marine Fisheries Service, and U.S. Bureau of Reclamation and does not necessarily reflect the position of the state or federal agencies. It is expected 
to go through several more revisions prior to being released for formal public review and comment in 2012. All members of the public will have an opportunity to provide comments on the public draft of a
revised version of this document during the formal public review and comment period. Responses will be prepared only on comments submitted in the formal public review and comment period. 

Effects Analysis  Conclusions

 

 

 

1	 Late	fall–run	Chinook	salmon.	No	major	adverse	effects	were	detected	on	late	fall–run	Chinook	
2	 spawning	and	egg	incubation	habitat	conditions	in	the	Sacramento	River	based	on	CALSIM,	SacEFT,	
3	 SALMOD,	and	other	modeling	tools.	Although	most	changes	in	spawning	habitat	were	attributable	to	
4	 climate	change,	the	SacEFT	model	indicated	that	preliminary	proposal	operations	would	result	in	a	
5	 small	incremental	reduction	(5%)	in	the	number	of	years	with	“good”	spawning	habitat	conditions	
6	 for	late	fall–run	Chinook	salmon.	

 

7	 White	and	green	sturgeon.	Spawning	white	sturgeon	and	their	eggs	would	experience	similar	flow	
8	 and	water	temperature	conditions	under	preliminary	proposal	operations	relative	to	existing	
9	 biological	conditions.	There	are	small	beneficial	and	adverse	effects	on	spawning	and	egg	incubation	
10	 habitat	conditions,	but	no	major	or	consistent	adverse	effects	were	detected	in	the	Sacramento,	
11	 Feather,	or	Stanislaus	Rivers.	The	greatest	changes	in	upstream	habitat	conditions	resulted	from	
12	 natural	variation	in	interannual	hydrology	(e.g.,	between	wet	and	dry	years)	and	future	climate	
13	 change.	These	major	habitat	effects	were	largely	independent	of	differences	between	existing	
14	 conditions	and	preliminary	proposal	operations.	Likewise,	no	major	or	consistent	adverse	effects	
15	 were	detected	on	upstream	spawning	and	egg	incubation	habitat	conditions	(e.g.,	instream	flows	
16	 and	water	temperatures	during	egg	incubation)	in	the	Sacramento	River	for	green	sturgeon	based	
17	 on	results	from	the	Reclamation	egg	mortality	model,	SacEFT,	CALSIM	outputs,	and	other	tools.	In	
18	 the	Feather	River,	however,	there	is	a	reduction	in	flows	during	July	and	August	of	29%	on	average,	
19	 but	this	effect	does	not	translate	into	a	consistent	adverse	effect	on	green	sturgeon	based	on	water	
20	 temperature	exposure.	There	were	no	meaningful	differences	between	existing	biological	conditions	
21	 and	preliminary	proposal	operations	in	exceedance	of	water	temperature	tolerances	of	63°F	and	
22	 68°F.	The	only	effect	is	an	increase	of	exposure	to	the	upper	threshold	of	green	sturgeon	tolerance	of	
23	 73°F	in	up	to	8%	more	months	under	preliminary	proposal	operations	compared	to	existing	
24	 biological	conditions.	

 

25	 Pacific	and	river	lamprey.	No	major	or	consistent	adverse	effects	were	detected	on	upstream	
26	 spawning	and	egg	incubation	habitat	conditions	(e.g.,	reservoir	storage,	instream	flows,	water	
27	 temperatures	during	egg	incubation)	for	Pacific	lamprey	and	river	lamprey	based	on	results	from	
28	 the	Reclamation	egg	mortality	model,	CALSIM,	and	other	tools.	

 

29	 C.7.2.2  Holding Flows 
 

30	 Holding	flows	were	evaluated	for	spring‐	and	winter‐run	Chinook	salmon	adults.	As	described	
31	 below,	no	adverse	effects	of	the	preliminary	proposal	are	expected.	

 

32	 Conclusion 2. The preliminary proposal would have no effects on spring‐ or winter‐run Chinook 
33	 salmon adult holding flows. 

 

34	 No	major	or	consistent	adverse	effects	were	detected	on	upstream	adult	holding	habitat	conditions	
35	 (e.g.,	instream	flows)	in	the	Sacramento	River	for	spring‐	and	winter‐run	Chinook	salmon	or	in	the	
36	 Feather	and	Trinity	Rivers	or	Clear	Creek	for	spring‐run	Chinook	salmon	based	on	results	from	
37	 CALSIM.	The	greatest	changes	in	upstream	habitat	conditions	resulted	from	natural	variation	in	
38	 interannual	hydrology	(e.g.,	between	wet	and	dry	years)	and	future	climate	change.	Increased	
39	 adverse	conditions	reflect	natural	seasonal	and	interannual	variation	in	river	flows,	coldwater	
40	 storage,	and	temperature	effects	on	holding	adults	that	were	largely	independent	of	preliminary	
41	 proposal	operations.	
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Effects Analysis  Conclusions

 

 

1	 C.7.2.3  Upstream Rearing Habitat 
 

2	 Upstream	rearing	habitat	for	covered	species	would	not	change	substantially,	although	some	
3	 increase	in	Feather	River	temperature	may	adversely	affect	green	sturgeon	and	river	lamprey,	and	a	
4	 decrease	in	late	fall–run	Chinook	salmon	rearing	habitat	also	may	occur.	For	spring‐run	Chinook	
5	 salmon,	fall‐run	Chinook,	green	sturgeon,	white	sturgeon,	Pacific	lamprey,	and	river	lamprey,	the	
6	 greatest	changes	in	upstream	habitat	conditions	resulted	from	natural	variation	in	interannual	
7	 hydrology	(e.g.,	between	wet	and	dry	years)	and	future	climate	change.	Increased	adverse	
8	 conditions	reflects	natural	seasonal	and	interannual	variation	in	river	flows,	coldwater	storage,	and	
9	 temperature	effects	on	rearing	habitat	that	were	largely	independent	of	preliminary	proposal	
10	 operations.	

 

11	 Conclusion 3. Upstream rearing habitat for covered species would not change substantially; 
12	 however, some adverse effects on late fall–run Sacramento River rearing habitat and on green 
13	 sturgeon and river lamprey rearing habitat as a result of increases in Feather River temperature, 
14	 and some benefits to winter‐run rearing habitat, are expected. 

 

15	 Steelhead.	No	major	adverse	effects	were	detected	on	steelhead	fry/juvenile	rearing	habitat	
16	 conditions	based	on	CALSIM,	SacEFT,	and	water	temperature	modeling	results.	The	predicted	
17	 magnitude	and	frequency	of	instream	flows,	reservoir	storage,	and	water	temperatures	potentially	
18	 affecting	the	quantity	and	quality	of	rearing	habitat	under	proposed	project	and	future	baseline	
19	 conditions	were	comparable.	Most	of	the	differences	and	associated	effects	on	steelhead	rearing	
20	 habitat	observed	among	the	modeled	scenarios	were	attributable	to	near‐	and	long‐term	climate	
21	 change	effects.	Based	on	the	results,	preliminary	proposal	operations	likely	would	have	small	annual	
22	 effects	on	flows	and	water	temperatures	affecting	steelhead	rearing	habitat,	but	would	not	affect	
23	 long‐term	habitat	conditions	relative	to	future	baseline	conditions.	In	the	Sacramento	River	between	
24	 the	RBDD	and	Keswick,	the	SacEFT	model	indicated	that	preliminary	proposal	operations	would	
25	 result	in	a	small	incremental	increase	(5%)	in	the	number	of	years	with	“good”	rearing	habitat	
26	 conditions	for	steelhead.	

 

27	 Winter‐run	Chinook	salmon.	The	SacEFT	model	predicted	that	winter‐run	Chinook	salmon	
28	 fry/juvenile	rearing	habitat	in	the	Sacramento	River	would	be	classified	as	good	in	23–26%	more	
29	 years	under	preliminary	proposal	operations	relative	to	existing	conditions.	

 

30	 Spring‐run	Chinook	salmon.	No	major	or	consistent	adverse	effects	were	detected	on	upstream	
31	 fry/juvenile	rearing	habitat	conditions	(e.g.,	instream	flows,	water	temperature,	stranding)	in	the	
32	 Feather	River,	Trinity	River,	San	Joaquin	River,	or	Clear	Creek	for	spring‐run	Chinook	salmon	based	
33	 on	results	from	CALSIM	and	the	Reclamation	water	temperature	model.	

 

34	 Fall‐run	Chinook	salmon.	No	major	or	consistent	adverse	effects	were	detected	on	upstream	
35	 fry/juvenile	rearing	habitat	conditions	(e.g.,	instream	flows,	water	temperature,	stranding)	in	
36	 upstream	waterways	for	fall‐run	Chinook	salmon	based	on	results	from	CALSIM	and	the	
37	 Reclamation	water	temperature	model.	

 

38	 Late	fall–run	Chinook	salmon.	No	adverse	effects	were	detected	on	late	fall–run	Chinook	
39	 fry/juvenile	rearing	habitat	conditions	in	the	Sacramento	River	based	on	CALSIM,	SALMOD,	and	
40	 water	temperature	modeling.	The	predicted	magnitude	and	frequency	of	instream	flows,	reservoir	
41	 storage,	and	water	temperatures	potentially	affecting	the	quantity	and	quality	of	rearing	habitat	in	
42	 the	Sacramento	River	under	proposed	project	and	future	baseline	conditions	were	comparable.	
43	 Most	of	the	differences	and	associated	effects	on	late	fall–run	Chinook	salmon	rearing	habitat	
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Effects Analysis  Conclusions

 

 

 

1	 observed	among	the	modeled	scenarios	were	attributable	to	near‐	and	long‐term	climate	change	
2	 effects.	Despite	these	results,	the	SacEFT	model	indicated	that	preliminary	proposal	operations	
3	 would	result	in	an	incremental	reduction	of	14–28%	in	the	number	of	years	with	“good”	rearing	
4	 habitat	conditions	for	late	fall–run	Chinook	salmon.	However,	based	on	the	weight	of	evidence	
5	 (SALMOD	results,	flow,	and	temperature	exceedance	analyses),	there	should	be	no	detectable	
6	 change	in	rearing	habitat	conditions	for	late	fall–run	Chinook	salmon	in	the	upper	Sacramento	
7	 River.	

 

8	 Green	and	white	sturgeon.	No	major	or	consistent	adverse	effects	were	detected	on	upstream	
9	 larvae/juvenile	rearing	habitat	conditions	(e.g.,	instream	flows,	water	temperature,	and	stranding)	
10	 in	the	Sacramento	River	or	upstream	waterways	for	green	or	white	sturgeon	based	on	results	from	
11	 CALSIM	and	the	Reclamation	water	temperature	model.	Additionally,	larval	and	juvenile	white	
12	 sturgeon	would	experience	similar	or	slightly	improved	flow	and	water	temperature	conditions.	
13	 Green	sturgeon	larvae	will	experience	reduced	flows	in	the	Feather	River	from	July	through	
14	 September,	when	flows	are	reduced	by	42%	on	average	in	wet,	above	normal,	below	normal,	and	
15	 dry	water	years.	However,	reduced	flows	are	not	expected	to	translate	into	water	temperature	
16	 effects	in	a	major	or	consistent	way,	except	during	the	LLT	implementation	period,	during	which	
17	 exposure	to	the	upper	73°F	water	temperature	threshold	will	occur	5–14%	more	often	under	
18	 preliminary	proposal	operations	than	under	existing	biological	conditions.	

 

19	 Pacific	and	river	lamprey.	No	major	or	consistent	adverse	effects	were	detected	on	upstream	
20	 ammocoete	rearing	habitat	conditions	(e.g.,	instream	flows,	water	temperature,	stranding)	in	
21	 upstream	waterways	for	Pacific	lamprey	or	in	the	Sacramento,	Trinity,	American,	and	Stanislaus	
22	 Rivers	for	river	lamprey	based	on	results	from	CALSIM	and	the	Reclamation	water	temperature	
23	 model.	In	the	Feather	River	below	Thermalito	Afterbay,	there	is	a	small	to	moderate	increase	in	
24	 exposure	to	elevated	water	temperatures,	although	this	effect	is	not	observed	farther	upstream	at	
25	 the	Fish	Barrier	Dam.	This	increase	in	exposure	to	elevated	water	temperatures	is	expected	to	result	
26	 in	a	small	to	moderate	increase	in	mortality	of	ammocoetes	in	the	region	below	the	Thermalito	
27	 Bypass.	

 

28	 C.7.2.4  Passage, Migration, and Movement 
 

29	 Passage,	migration,	and	movement	were	evaluated	for	upstream	and	Delta	areas	for	all	species.	
30	 Overall,	the	results	indicate	that	there	will	be	some	improved	and	some	reduced	passage	as	a	result	
31	 of	the	preliminary	proposal.	

 

32	 Conclusion 4. Overall, flows in upstream areas during migration and transport periods for 
33	 anadromous fish are not substantially changed under the preliminary proposal, with some 
34	 exceptions. 

 

35	 The	great	majority	of	modeled	river	flow	estimates	upstream	of	the	Plan	Area	suggested	that,	once	
36	 effects	associated	with	climate	change	were	factored	out,	average	differences	in	flow	between	PP	
37	 and	EBC	during	covered	fish	species	migration	and	transport	periods	would	be	minor	(Table	C.1‐3).	
38	 The	general	pattern	was	for	little	change,	with	minor	increases	or	decreases	depending	on	water‐	
39	 year	type.	There	were	essentially	no	changes	in	migration	flows	in	Clear	Creek,	the	Stanislaus	River,	
40	 and	the	San	Joaquin	River	at	Vernalis.	Analyses	were	based	on	the	assumption	that	migration	and	
41	 transport	are	enhanced	with	increased	flows,	although	there	were	few	specific	thresholds	or	ranges	
42	 that	could	be	applied.	Summaries	of	the	main	patterns	are	provided	below.	
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Effects Analysis  Conclusions

 

 

 

1	 Steelhead.	The	Feather	River	was	the	only	location	where	migration	flows	during	periods	of	
2	 steelhead	occurrence	exhibited	a	number	of	differences	between	preliminary	proposal	and	existing	
3	 conditions:	migration	flows	for	juveniles	and	kelts	were	somewhat	(generally	10%	or	more)	greater	
4	 under	the	preliminary	proposal	in	most	water‐year	types,	but	for	adults,	preliminary	proposal	flows	
5	 were	greater	(10–20%	more)	only	in	dry	and	critical	years.	

 

6	 Winter‐run	Chinook	salmon.	The	analysis	suggested	little	difference	between	existing	conditions	
7	 and	preliminary	proposal	average	flows	during	the	juvenile	downstream	migration	period	in	the	
8	 upper	Sacramento	River	(River	Mile	[RM]	194	to	Keswick).	

 

9	 Spring‐run	Chinook	salmon.	As	with	steelhead,	the	Feather	River	was	the	only	location	with	
10	 appreciable	differences	in	migration	flows	between	preliminary	proposal	and	existing	conditions,	
11	 with	the	former	averaging	5–30%	greater	than	the	latter	in	most	water‐year	types.	

 

12	 Fall‐run/late	fall–run	Chinook	salmon.	Migration	flows	for	fall‐run	Chinook	salmon	were	
13	 generally	little	different	between	preliminary	proposal	and	existing	conditions	at	most	locations,	
14	 except	the	Sacramento	River	(RM	194	to	Keswick),	American	River,	and	Feather	River.	In	the	upper	
15	 Sacramento	River,	adult	migration	flows	were	around	10–20%	less	under	the	preliminary	proposal	
16	 in	wet	and	above	normal	water	years,	and	either	similar	or	up	to	20%	greater	under	the	preliminary	
17	 proposal	in	the	remaining	water‐year	types.	In	the	American	River,	appreciably	less	average	adult	
18	 migration	flow	(7–26%)	occurred	under	preliminary	proposal	conditions	than	under	existing	
19	 conditions	in	wet	and	above	normal	years,	whereas	in	critical	years	preliminary	proposal	flows	
20	 were	13–39%	greater.	Juvenile	migration	flows	in	the	Feather	River	averaged	around	10–20%	
21	 greater	than	existing	biological	conditions	for	above	normal,	below	normal,	and	dry	years	and	were	
22	 similar	in	other	years.	Adult	migration	flows	were	12–32%	less	on	average	under	the	preliminary	
23	 proposal	in	wet,	above	normal,	and	below	normal	years,	in	contrast	to	a	similar	percentage	greater	
24	 under	the	preliminary	proposal	in	critical	years.	For	late	fall–run	Chinook	salmon	adults,	there	was	
25	 little	difference	in	migration	flows	between	the	preliminary	proposal	and	existing	conditions	in	the	
26	 Sacramento	River	(RM	194	to	Keswick).	

 

27	 White	sturgeon.	Analyses	for	white	sturgeon	focused	on	the	Sacramento	River	(North	Delta	to	RM	
28	 143	subregion—i.e.,	Wilkins	Slough	and	Verona	CALSIM	nodes).	For	juveniles,	average	migration	
29	 flows	at	Verona	were	more	than	5%	lower	under	the	preliminary	proposal	scenarios	in	all	water‐	
30	 year	types,	ranging	from	around	6–11%	in	critical	years	to	20%	in	wet	years.	Larval	transport	flows	
31	 were	represented	by	the	average	number	of	months	per	year	that	exceeded	thresholds	of	17,700	cfs	
32	 (Wilkins	Slough)	and	31,000	cfs	(Verona)	and	were	variable	in	terms	of	estimated	effects.	The	
33	 results	ranged	from	little	change	or	somewhat	more	frequent	exceedances	of	flow	thresholds	(16%	
34	 greater	in	above	normal	years)	under	the	preliminary	proposal	relative	to	existing	conditions	at	
35	 Wilkins	Slough,	to	reduced	flow	threshold	exceedances	at	Verona	of	9–50%.	(The	latter	value	
36	 occurred	in	dry	years,	when	the	average	number	of	months	exceeding	the	threshold	was	low	
37	 regardless	of	scenario.)	

 

38	 Green	sturgeon.	Flows	for	green	sturgeon	migration	were	analyzed	in	the	upper	Sacramento	River	
39	 and	Feather	River	and	demonstrated	contrasting	changes	for	different	life	stages.	Preliminary	
40	 proposal	flows	that	were	lower	than	flows	under	the	existing	conditions	were	evident	for	larvae	and	
41	 juveniles	in	both	systems	and	occurred	primarily	in	wet,	above	normal,	and	below	normal	years,	
42	 with	the	preliminary	proposal	flows	in	the	Feather	River	falling	in	the	25–50%	reduction	category	
43	 on	average	and	those	in	the	Sacramento	River	falling	in	the	5–25%	reduction	category.	In	contrast,	
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Effects Analysis  Conclusions

 

 

 

1	 adult	migration	flows	were	either	similar	or,	in	the	case	of	the	Feather	River,	somewhat	increased	in	
2	 above	normal,	below	normal,	and	dry	water	years.	

 

3	 Pacific	lamprey.	Average	flows	during	Pacific	lamprey	migration	periods	were	quite	similar	under	
4	 the	preliminary	proposal	and	existing	conditions	(or	slightly	greater,	up	to	10%,	under	the	
5	 preliminary	proposal)	on	the	Sacramento	River	(RM	194	to	Keswick),	Feather	River,	American	
6	 River,	Stanislaus	River,	and	San	Joaquin	River	at	Vernalis.	

 

7	 River	lamprey.	Average	flows	during	river	lamprey	migration	periods	generally	were	quite	similar	
8	 under	the	preliminary	proposal	and	existing	conditions	for	macropthalmia,	with	differences	
9	 occurring	for	adults	that	typically	indicated	lower	flows	under	the	preliminary	proposal	than	
10	 existing	conditions.	For	adults,	the	difference	was	less	than	5%	for	the	Stanislaus	River	and	San	
11	 Joaquin	River	at	Vernalis,	whereas	flows	were	6–13%	lower	under	the	preliminary	proposal	for	the	
12	 Sacramento	River	(RM	194	to	Keswick),	Feather	River,	and	American	River.	

 

13	 Conclusion 5. Attraction flows and olfactory cues in the west Delta for upstream anadromous 
14	 migrating fish will be altered because of shifts in exports from the south Delta to the north Delta 
15	 under the preliminary proposal. 

 

16	 Sacramento	River	flows	downstream	of	the	north	Delta	intakes	will	be	reduced	under	preliminary	
17	 proposal	operations	relative	to	existing	conditions,	while	reduced	exports	in	the	south	Delta	
18	 generally	will	increase	the	proportion	of	water	in	the	west	Delta	originating	from	the	San	Joaquin	
19	 River.	The	change	in	olfactory	cues	(percentage	of	Sacramento	River	or	San	Joaquin	River	water	at	
20	 Collinsville	predicted	using	DSM2	modeling	within	the	fingerprint	analysis)	differed	by	species	
21	 (Table	C.1‐3).	Under	the	preliminary	proposal,	the	average	percentage	of	Sacramento	River–origin	
22	 water	was	always	lower	than	for	the	existing	conditions,	ranging	from	2–4%	less	for	steelhead	to	8–	
23	 10%	less	for	fall‐run	Chinook	salmon.	Under	the	preliminary	proposal,	the	percentage	of	San	
24	 Joaquin	water	was	generally	considerably	greater	than	under	existing	conditions,	at	least	in	relative	
25	 terms;	however,	the	actual	percentages	involved	were	low	(single	digits)	because	a	very	low	
26	 percentage	of	San	Joaquin	River	water	contributes	to	the	water	in	the	west	Delta	in	any	scenario.	

 

27	 Adult	attraction/migration	flows	at	Rio	Vista	under	the	preliminary	proposal	were	lower	than	flows	
28	 under	existing	conditions	for	most	water‐year	types.	The	relative	difference	between	scenarios	
29	 ranged	from	5–9%	in	all	except	critical	water	years	(little	changed)	for	winter‐run	and	late	fall–run	
30	 Chinook	salmon	to	more	than	20%	in	some	water‐year	types	for	steelhead,	spring‐run	Chinook	
31	 salmon,	and	fall‐run	Chinook	salmon;	the	latter	species	had	up	to	around	50–60%	lower	average	
32	 flows	under	the	preliminary	proposal	in	wet	and	above	normal	years.	In	dry	and	critical	years,	
33	 differences	in	migration	flows	between	preliminary	proposal	and	existing	conditions	were	often	less	
34	 than	5%,	and	in	some	cases	preliminary	proposal	flows	were	greater	(e.g.,	fall‐run	Chinook	salmon	
35	 in	the	LLT).	

 

36	 Conclusion 6. The preliminary proposal improvements in fish passage facilities at the Fremont 
37	 Weir and within the Yolo Bypass (CM 2) will reduce delay and stranding of upstream migrating 
38	 adult anadromous covered fish species. 

 

39	 The	suite	of	actions	proposed	to	improve	adult	fish	passage	as	part	of	CM	2	(Yolo	Bypass	Fisheries	
40	 Enhancements)	is	expected	to	benefit	covered	fish	species	by	reducing	stranding	and	delay	in	the	
41	 Yolo	Bypass.	Limited	stranding	and	rescue	data	indicate	that	appreciable	percentages	(10%	or	
42	 more)	of	the	green	sturgeon	spawning	population	in	particular	currently	may	be	negatively	affected	
43	 by	the	passage	impediment	caused	by	the	Fremont	Weir.	The	efficacy	of	the	passage	improvements	
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Effects Analysis  Conclusions

 

 

 

1	 at	the	Fremont	Weir	and	other	locations	in	the	Yolo	Bypass	(e.g.,	Lisbon	Weir)	cannot	be	estimated,	
2	 but	will	be	monitored,	and	adjustments	will	be	made	through	adaptive	management.	Resulting,	
3	 improvements	in	migration	may	vary	by	year	type	as	a	result	of	differing	inundation	frequencies	and	
4	 volumes,	but	overall	CM	2	is	expected	to	have	a	major	positive	effect	on	upstream	migrating	
5	 anadromous	covered	fish	species,	in	particular	sturgeons	and	salmonids.	

 

6	 Conclusion 7. Chinook salmon smolt survival during outmigration through the Delta includes 
7	 tradeoffs between positive and negative flow changes in the Yolo Bypass and Sacramento River, 
8	 with uncertainty to be informed by monitoring and adaptive management. 

 

9	 The	results	of	the	DPM	showed	that	through‐Delta	survival	of	Chinook	salmon	smolts	was	generally	
10	 similar	or	slightly	lower	under	the	preliminary	proposal	than	under	existing	biological	conditions.	
11	 The	difference	in	survival	between	preliminary	proposal	scenarios	and	existing	biological	conditions	
12	 in	the	early	and	late	long‐term	ranged	from	averages	of	considerably	less	than	1%	of	the	smolts	
13	 entering	the	Delta	(San	Joaquin–origin	fall‐run	Chinook)	to	1–2%	of	smolts	for	fall‐,	spring‐,	and	
14	 winter‐run	Chinook	from	the	Sacramento	River	and	fall‐run	Chinook	from	the	Mokelumne	River.	
15	 The	observed	patterns	represented	tradeoffs	between	positive	and	negative	aspects	of	the	
16	 preliminary	proposal	relative	to	the	existing	biological	conditions,	as	assumed	in	the	model.	Positive	
17	 aspects	of	the	preliminary	proposal	include	the	increased	diversion	of	fish	into	the	Yolo	Bypass	for	
18	 smolts	migrating	down	the	Sacramento	River	that	encounter	the	new	notch	at	the	Fremont	Weir.	
19	 The	Yolo	Bypass	migration	route	is	assumed	to	have	survival	equal	to	the	maximum	survival	in	the	
20	 nearby	Sacramento	River,	as	well	as	offering	the	advantage	of	avoidance	of	diversion	through	
21	 Georgiana	Slough	or	the	DCC	into	the	low‐survival	interior	Delta.	The	benefits	of	increased	entry	
22	 into	the	Yolo	Bypass	were	greatest	for	winter‐run	Chinook,	followed	by	spring‐run	and	finally	fall‐	
23	 run,	for	which	there	was	little	benefit	because	their	assumed	timing	is	during	a	period	when	Yolo	
24	 Bypass	inundation	is	generally	too	low	to	promote	appreciable	diversion.	The	relatively	good	
25	 survival	assumed	through	the	Yolo	Bypass	is	based	on	studies	conducted	on	fish	smaller	than	
26	 smolts,	and	the	assumption	will	require	refinement	based	on	monitoring	studies	of	acoustically	
27	 tagged	smolts	to	be	conducted	in	the	future.	Reductions	in	south	Delta	exports	also	improve	survival	
28	 of	smolts,	although	as	noted	in	the	entrainment	appendix	(Appendix	B),	there	are	situations	in	drier	
29	 water	years	where	exports	from	the	south	Delta	are	increased	because	of	bypass	requirements	at	
30	 the	north	Delta	intakes.	Such	situations	generally	arise	during	the	fall‐run	migration	period	and	
31	 explain	the	lower	survival	through	the	interior	Delta	of	this	race.	

 

32	 Negative	aspects	of	the	preliminary	proposal	include	an	assumed	increase	in	predation	of	
33	 Sacramento	River–origin	smolts	in	the	vicinity	of	the	north	Delta	intake	structures	because	of	
34	 predators	holding	station	in	the	area;	the	current	modeling	assumed	around	1%	of	each	run	would	
35	 be	lost,	but	again	this	number	is	uncertain	and	will	be	refined	through	targeted	studies.	The	
36	 potential	benefits	of	habitat	restoration	in	the	Delta	also	are	not	captured	by	the	DPM	results,	which	
37	 focus	on	flow‐related	survival	and	migration	routes	through	the	Delta.	

 

38	 Conclusion 8. Increase in Stockton Deep Water Ship Channel DO levels (CM 14) will improve 
39	 upstream migration conditions for fall‐run Chinook salmon, steelhead, and other species in the 
40	 San Joaquin River basin. 

 

41	 Preliminary	results	from	the	oxygen	diffusion	system	that	forms	the	basis	for	CM	14	suggest	that	it	
42	 can	raise	DO	levels	to	meet	total	maximum	daily	load	objectives	(at	least	6	mg/L	of	DO	from	
43	 September	1	to	November	30,	and	at	least	5	mg/L	at	all	times).	The	long‐term	funding	for	operations	
44	 and	maintenance	of	this	facility,	coupled	with	improvements	that	would	be	implemented	based	on	
45	 adaptive	management	and	monitoring,	will	ensure	that	any	passage	impediments	caused	by	low	DO	
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Effects Analysis  Conclusions

 

 

 

1	 in	this	area	for	upstream	migrating	adult	fall‐run	Chinook	salmon	and	steelhead	in	the	San	Joaquin	
2	 River	basin	would	be	minimized.	Improvement	of	DO	in	the	vicinity	of	the	ship	channel	also	will	
3	 benefit	any	other	covered	fish	species	using	that	area	of	the	Delta.	

 

4	 Conclusion 9. Modification of the Suisun Marsh Salinity Control Gate operation will improve or 
5	 maintain passage for adult anadromous fish. 

 

6	 As	operations	of	the	SMSCG	become	less	frequent,	upstream	passage	for	adult	anadromous	fish	such	
7	 as	Chinook	salmon,	steelhead,	sturgeons,	and	lampreys	will	have	less	potential	for	delay	and	
8	 subsequent	effects	on	reproduction	in	natal	tributaries.	Passage	will	be	improved	or	maintained	at	
9	 low	levels	expected	from	reduced	operations	under	the	preliminary	proposal.	

 

10	 Conclusion 10. Nonphysical fish barriers (CM 16) have the potential to inhibit juvenile fish from 
11	 entering the interior Delta, but further research is necessary to evaluate effectiveness; unintended 
12	 passage impedance for adults also requires research. 

 

13	 Juvenile	Chinook	salmon	and	steelhead,	and	juvenile	and	adult	delta	smelt,	longfin	smelt,	and	
14	 Sacramento	splittail	are	most	likely	to	benefit	from	nonphysical	barriers	at	important	channel	
15	 divergences	such	as	Sacramento	River–Georgiana	Slough	and	San	Joaquin	River–Old	River	because	
16	 these	species	have	hearing	abilities	that	are	likely	to	respond	to	the	main	barrier	stimulus	(i.e.,	the	
17	 acoustic	signal).	As	such,	these	barriers	could	be	an	effective	tool	for	precluding	these	species	from	
18	 entering	the	interior	Delta,	where	mortality	may	be	higher	than	in	the	main	channels	of	the	
19	 Sacramento	and	San	Joaquin	Rivers.	There	is	little	potential	to	inhibit	white	and	green	sturgeon	or	
20	 Pacific	and	river	lamprey	from	entering	the	interior	Delta	because	these	species	have	little	
21	 sensitivity	to	the	acoustic	deterrence	of	the	nonphysical	barriers;	further,	in	the	case	of	deep	
22	 channels,	the	barriers	are	not	constructed	to	include	the	channel	bottom	area	where	benthic‐	
23	 oriented	species	like	sturgeon	would	be	migrating.	The	effectiveness	of	nonphysical	barriers	will	
24	 depend	on	the	water‐velocity	characteristics	in	the	vicinity	of	the	barrier	and	on	the	extent	to	which	
25	 predatory	fish	congregate	along	the	barrier.	

 

26	 However,	nonphysical	barriers	could	be	encountered	by	upstream	migrating	adult	anadromous	
27	 fishes	(e.g.,	winter‐	and	spring‐run	Chinook	salmon,	steelhead,	Sacramento	splittail,	sturgeons,	and	
28	 lampreys).	The	potential	for	impedance	or	delay	would	be	low	for	fish	with	poor	hearing	ability	
29	 (sturgeons	and	lampreys),	whereas	the	potential	for	impedance	of	the	other	species	would	increase	
30	 as	water	depth	decreases	and	a	greater	portion	of	the	water	column	is	occupied	by	the	barrier.	
31	 Ongoing	testing	at	Georgiana	Slough	and	the	head	of	the	Old	River	will	provide	more	insight	into	the	
32	 potential	effectiveness	of	CM	16	under	various	flow	and	geomorphic	conditions,	as	will	monitoring,	
33	 research,	and	adaptive	management	of	the	CM.	

 

34	 Conclusion 11. Reduced Sacramento River flows may reduce longfin smelt and delta smelt larval 
35	 transport, with the potential to reduce survival for longfin smelt. 

 

36	 Decreased	transport	flows	in	the	lower	Sacramento	River	have	been	identified	as	one	mechanism	
37	 that	could	adversely	affect	the	growth	and	survival	of	larval	delta	and	longfin	smelt.	Compared	to	
38	 existing	biological	conditions,	the	preliminary	proposal	reduces	Delta	outflows	during	the	winter‐	
39	 spring	delta	smelt	and	longfin	smelt	larval	period,	potentially	reducing	downstream	longfin	larval	
40	 transport	and	subsequent	survival.	Projected	reductions	assume	a	direct	relationship	between	
41	 outflow	(expressed	as	X2)	and	longfin	smelt	abundance.	However,	the	correlation	is	not	understood,	
42	 and	it	may	not	reflect	larval	transport	but	may	instead	be	reflective	of	some	other	relationship.	The	
43	 longfin	smelt	analysis	estimated	that	once	climate	change–related	flow	effects	had	been	factored	



Bay Delta Conservation Plan 
Working Draft 

December 2011
ICF 00610.10C.7‐18

Note to Reader: This is a revised working draft prepared by the BDCP consultants. This document is currently undergoing review by the Department of Water Resources with input from the Department of
Fish and Game, U.S. Fish and Wildlife Service, National Marine Fisheries Service, and U.S. Bureau of Reclamation and does not necessarily reflect the position of the state or federal agencies. It is expected 
to go through several more revisions prior to being released for formal public review and comment in 2012. All members of the public will have an opportunity to provide comments on the public draft of a
revised version of this document during the formal public review and comment period. Responses will be prepared only on comments submitted in the formal public review and comment period. 

Effects Analysis  Conclusions

 

 

 

1	 out,	changes	in	outflow	during	the	larval	period	have	the	potential	to	reduce	abundance	of	older	life	
2	 stages	represented	in	Bay‐Delta	trawl	surveys	by	8–24%	in	the	ELT	and	1–18%	in	the	LLT	on	
3	 average.	Results	of	particle	tracking	modeling	for	longfin	smelt	estimated	that	the	potential	for	
4	 emigration	to	the	LSZ	in	Suisun	Bay	(as	represented	by	the	number	of	particles	reaching	Martinez)	
5	 was	on	average	0–8%	lower	under	the	preliminary	proposal	compared	with	existing	biological	
6	 conditions	when	accounting	for	climate	change–related	effects.	

 

7	 For	delta	smelt,	larval	transport	under	the	preliminary	proposal	as	assessed	by	particle	tracking	
8	 ranged	from	little	difference	from	existing	conditions	up	to	20%	less,	after	accounting	for	flow‐	
9	 related	climate	change	effects.	In	contrast	to	longfin	smelt,	relationships	estimating	subsequent	
10	 abundance	of	older	life	stages	from	changes	in	transport	flows	are	not	present,	so	the	estimated	
11	 changes	solely	reflect	changed	potential	in	larval	transport.	

 

12	 C.7.2.5  Delta Area Effects 
 

13	 Conclusion 12. Changes in Sacramento River flow may result in an overall decrease in channel 
14	 margin bench habitat, but restoration will offset this effect. 

 

15	 Results	of	the	analysis	of	the	effects	of	changes	in	Sacramento	River	flow	and	water	surface	elevation	
16	 on	channel	margin	bench	habitat	showed	site‐specific	differences	attributable	to	site	elevation	and	
17	 the	interplay	of	differing	flows	and	other	effects	such	as	tidal	muting	from	the	preliminary	proposal.	
18	 At	the	north	Delta	sites,	inundation	frequency	under	the	preliminary	proposal	was	on	average	
19	 similar	to	or	lower	than	under	existing	conditions,	whereas	average	inundation	duration	was	lower	
20	 in	the	early	long‐term	and	higher	in	the	late	long‐term.	At	the	Cache	Slough	site,	considerable	
21	 increases	in	inundation	frequency	and	duration	under	the	preliminary	proposal	may	be	a	result	of	
22	 the	site’s	low	elevation	combining	with	tidal	dampening	because	of	restoration.	Reductions	in	bench	
23	 habitat	inundation	at	existing	sites	may	be	offset	by	restoration	at	other	sites	within	the	North	Delta	
24	 and	Cache	Slough	subregions,	as	described	for	CM	4	(Tidal	Habitat	Restoration)	and	analyzed	in	
25	 Appendix	F,	Habitat	Restoration.	

 

26	 Conclusion 13. The reduction in OMR reverse flows and the corresponding increase in net positive 
27	 downstream flows through the south Delta channels are expected to improve migration cues, 
28	 improve migration rates and pathways, and contribute to improved larval and juvenile survival 
29	 and reduced adult straying; reverse OMR flows will be greater in certain water‐year types. 

 

30	 As	a	result	of	preliminary	proposal	operations,	the	frequency	and	magnitude	of	OMR	reverse	flows	
31	 are	expected	to	be	reduced	significantly	during	the	late	winter	and	spring	period	for	wet,	above	
32	 normal,	and	critical	years,	which	coincides	with	the	seasonal	period	of	migration	of	many	of	the	
33	 juvenile	fish	such	as	Chinook	salmon,	steelhead,	larval	and	juvenile	delta	and	longfin	smelt,	and	
34	 juvenile	splittail	through	the	interior	Delta	channels.	The	predicted	improvements	in	south	Delta	
35	 flow	conditions	(significantly	reduced	OMR	reverse	flows,	improved	net	positive	downstream	flows,	
36	 improved	olfactory	cues,	and	attraction	flows	for	the	San	Joaquin	River	and	its	tributaries)	are	
37	 significant	benefits	of	the	PP	operations	on	flow	conditions	affecting	habitat,	migration,	and	survival	
38	 of	fish	inhabiting	the	Delta.	

 

39	 Improved	hydrologic	conditions	in	the	south	Delta	in	response	to	proposed	project	operations	are	
40	 expected	to	contribute	to	improvement	in	the	flow	cues	followed	by	juvenile	and	adult	fish	passing	
41	 upstream	and	downstream	through	the	Delta	and	thereby	improve	migration	and	survival	and	
42	 reduce	straying.	Reduction	in	OMR	reverse	flows	also	is	expected	to	reduce	the	movement	of	
43	 planktonic	larval	and	juvenile	fish	(e.g.,	delta	and	longfin	smelt,	Chinook	salmon)	from	the	
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Effects Analysis  Conclusions

 

 

 

1	 Sacramento	River	through	the	interior	Delta	to	the	south	Delta	and	thereby	improve	their	survival	
2	 and	abundance.	However,	as	noted	in	Appendix	B	(Entrainment),	OMR	reverse	flows	may	be	
3	 increased	in	the	late	winter/spring	in	drier	water‐year	types	because	of	export	restrictions	at	the	
4	 north	Delta	intakes,	which	would	negatively	affect	species	present	there	at	the	time,	such	as	juvenile	
5	 spring‐run	Chinook	salmon	and	larval‐juvenile	delta	smelt.	

 

6	 In	dry	and	below	normal	water	years,	the	reverse	OMR	flows	are	increased	compared	to	existing	
7	 biological	conditions,	which	may	translate	to	adverse	effects	on	Chinook	salmon	and	splittail	
8	 juveniles,	and	delta	smelt	and	longfin	smelt	larvae	and	juveniles.	However,	the	reverse	OMR	flows	
9	 under	the	preliminary	proposal	for	all	water	years	are	still	within	the	requirements	of	the	NMFS	and	
10	 USFWS	BiOps	for	CVP	and	SWP	operations,	and	the	biological	response	of	these	species	to	relatively	
11	 small	OMR	reverse	flow	changes	may	not	result	in	adverse	changes	in	species	survival.	

 

12	 Conclusion 14. Increased Yolo Bypass inundation will create substantial biological benefits to 
13	 Sacramento splittail spawning and rearing, with other species likely to benefit; stranding risk is 
14	 generally low. 

 

15	 Based	on	results	of	hydrologic	models,	modification	to	the	Fremont	Weir	to	increase	inundation	of	
16	 the	Yolo	Bypass	floodplain	during	the	winter	and	spring	months	(CM	2)	would	create	substantial	
17	 biological	benefits	to	splittail	spawning	success	and	rearing;	increased	benefits	to	rearing	and	
18	 migration	by	other	juvenile	and	adult	fish	also	are	expected.	The	benefits	of	enhanced	growth	for	
19	 Chinook	salmon	fry	on	the	Yolo	Bypass	are	examined	in	Appendix	F,	Ecological	Effects.	The	benefits	
20	 of	increased	inundation	to	splittail	were	found	to	be	greatest	in	wet,	above	normal,	and	below	
21	 normal	water	years,	when	seasonal	flows	in	the	Sacramento	River	are	greatest.	In	these	water‐year	
22	 types,	habitat	area	for	splittail	was	on	average	60–300%	greater	under	the	preliminary	proposal	
23	 scenarios	compared	to	existing	biological	conditions.	The	anticipated	benefits	would	be	greatest	for	
24	 those	fish	that	rear	in	floodplain	habitats	as	juveniles	during	downstream	migration,	including	
25	 juvenile	winter‐	and	fall‐run	Chinook	salmon.	Other	fish	such	as	steelhead,	late	fall–run	Chinook	
26	 salmon,	green	and	white	sturgeon,	and	Pacific	lamprey	would	be	expected	to	benefit	from	using	the	
27	 flooded	bypass	as	a	migratory	corridor,	but	would	not	be	expected	to	rear	extensively	in	the	flooded	
28	 area.	Splittail,	which	spawn	on	seasonally	inundated	floodplain	habitat,	would	be	expected	to	benefit	
29	 from	access	to	spawning	and	juvenile	rearing	floodplain	habitat.	There	is	little	or	no	change	in	
30	 inundation	of	the	Yolo	Bypass	floodplain	in	dry	and	critically	dry	years	when	river	flows	are	low.	

 

31	 Fish	species	such	as	splittail	and	juvenile	Chinook	salmon	that	historically	used	seasonally	
32	 inundated	floodplain	habitat	for	spawning	or	juvenile	rearing	have	adapted	behavior	to	respond	to	
33	 flow	recessions	and	draining	of	floodplain	habitat.	The	DRERIP	analysis	of	stranding	suggested	low	
34	 magnitude	of	negative	effect	for	all	species	examined	other	than	juvenile	steelhead,	for	which	the	
35	 potential	for	stranding	was	assessed	to	be	slightly	higher.	In	general,	the	risk	of	stranding	juvenile	
36	 fish	in	the	Yolo	Bypass	has	not	been	identified	as	a	major	potential	source	of	mortality	but	will	be	
37	 informed	by	monitoring	and	adaptive	management	of	improvements	to	the	floodplain.	
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Effects Analysis  Conclusions

 

 

1	 Conclusion 15. The delta smelt fall abiotic habitat index is estimated to be similar between the 
2	 preliminary proposal and existing biological conditions in the drier 40–50% of years and will be 
3	 lower under the preliminary proposal in the wetter 50–60% of years, with the magnitude of 
4	 difference depending on existing biological conditions; if occupied by delta smelt, restored habitat 
5	 may decrease the magnitude of difference in wetter years and result in a greater habitat index in 
6	 drier years.5 

 

7	 The	delta	smelt	fall	abiotic	habitat	index	was	lower	under	the	preliminary	proposal	relative	to	
8	 existing	biological	conditions,	particularly	for	years	with	higher	flow	(Table	C.1‐3).	The	greatest	
9	 differences	were	for	years	with	higher	flow	under	the	EBC2	scenarios,	which	incorporated	the	
10	 USFWS	(2008)	BiOp	requirements	for	Fall	X2	in	above	normal	and	wet	years.	The	differences	were	
11	 relatively	low	between	EBC1	and	preliminary	proposal	scenarios	because	the	requirements	for	Fall	
12	 X2	were	not	included	under	the	modeling	for	EBC1.	Under	the	assumption	that	restored	areas	have	
13	 abiotic	characteristics	similar	to	adjacent	areas,	the	magnitude	of	the	reductions	under	the	
14	 preliminary	proposal	may	be	reduced	in	wetter	years,	and	there	may	be	a	similar	or	greater	habitat	
15	 index	in	drier	years	(Table	C.1‐3).	However,	this	assumption	will	depend	on	the	characteristics	in	
16	 the	ROAs,	a	topic	explored	in	more	detail	in	Appendix	E	(Habitat	Restoration).	The	likely	change	in	
17	 the	X2–abiotic	habitat	index	relationship	under	future	configurations	of	the	Delta	and	the	potential	
18	 influence	of	additional	factors	such	as	water	temperature	add	uncertainty	to	potential	effects.	
19	 Monitoring	in	restored	areas	will	provide	information	on	physicochemical	characteristics	of	the	new	
20	 habitat	to	inform	the	nature	of	changes	in	the	delta	smelt	fall	habitat	index.	Fish	sampling	in	these	
21	 new	areas	also	will	reveal	the	actual	extent	to	which	the	areas	are	used	by	delta	smelt.	

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5	The	scientific	value	of	the	abiotic	habitat	method	and	its	application	is	currently	the	subject	of	Endangered	Species	
Act	litigation	between	USFWS,	DWR	and	the	public	water	agencies,	has	been	under	scientific	review,	and	is	the	
subject	of	ongoing	data	collection	and	evaluation.	The	utility	of	the	results	of	this	method,	along	with	other	methods	
used	to	evaluate	delta	smelt	habitat,	will	be	reported	in	Chapter	5.	
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